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Introduction
Artificial trans fatty acids (TFAs) are produced during the industrial processing of vegetable oils. The main source of such TFAs is partially hydrogenated vegetable oils. 1 Consumption of TFAs alters the plasma lipid profile 2, 3 in such a way that it increases the risk of coronary heart disease (CHD). 4 A 2% increase in energy intake from TFAs may increase the risk for a coronary event by up to 23%. 3 Other potential adverse effects of TFAs include systemic inflammation, endothelial dysfunction, insulin resistance and arrhythmias. 2 Based on these adverse effects, several countries have implemented policies to reduce industrial TFA consumption, 5 including nutrition guidelines, awareness programmes, voluntary or mandatory labelling of the TFA content of foods and health warning labels. Voluntary or legislated programmes to encourage industry to reformulate food products without TFAs and support the production of healthy alternatives have led to improvements in some countries. 6 Mandatory food labelling in Canada 7 and the United States of America 8 have led some manufacturers to reduce or eliminate artificial TFAs in their products. However, many food products still contain such TFAs, especially when served in restaurants, schools, cafeterias and coffee shops. 9 In Argentina, before 2004, artificial TFAs were present in most sweet or salty solid snack foods, such as biscuits. 10 Between 2004 and 2014, Argentina implemented several policies to reduce artificial TFAs. After 2004, the industry voluntarily reformulated foods by replacing approximately 40% of TFAs from partially hydrogenated vegetable oils, mainly with TFAfree sunflower oil with high-oleic acid content. 11 Regulations enforcing mandatory labelling of artificial TFAs in food were introduced in 2006. 12 With support from the Pan American Health Organization, 13, 14 the Argentine Ministry of Health negotiated with industry to eliminate artificial TFAs. The country's food code was amended, 15 such that, by the end of 2014, industrially-produced TFAs in food should not exceed 2% of total fats in vegetable oils and margarines and 5% of total fats in other foods (Fig. 1) . 16 Here we estimate the potential reductions in annual CHD events, disability-adjusted life years (DALYs) and associated health-care costs attributable to reductions in artificial TFAs in the diet.
Methods
The main inputs of the policy model for the analysis were: (i) the estimated baseline intake of TFAs before 2004; (ii) the types of alternative oils and fats used to replace TFAs; (iii) the effects of the improvements in plasma lipid profile on CHD risks and (iv) the health-care costs and DALYs saved due to averted fatal and nonfatal CHD events. Although our study is not a full economic evaluation, we used the CHEERS statement as a guide for reporting. 17 
Baseline intake of TFAs
To identify estimates of baseline TFA intake in Argentina and the fats used to improve the dietary fat profile between 2004 and 2014, we conducted a literature search using MEDLINE, Embase, LILACS databases and official documents from the government, academia, industry and other public and private organizations. For the database searches, we used the search string "trans fat OR trans fatty acids OR partially hydrogenated oils OR partially hydrogenated fat AND Argentina".
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Because
TFAs cannot be replaced on a 1:1 basis with other specific fatty acids, the unit of replacement was partially hydrogenated vegetable oils (comprised of various fatty acids, including TFAs). Thus, we evaluated both the total partially hydrogenated vegetable oils consumed and the usual proportion of TFAs in partially hydrogenated vegetable oils during 2004-2014. Our search was complemented by a consensus meeting of local experts and decision-makers including officials from the Ministry of Health, epidemiologists, nutritionists, cardiologists and food engineers closely involved with the oils' and fats' suppliers of TFA replacements. They identified key estimates for the model, including the baseline intake of TFA, the proportion of TFA from ruminants and the replacement fats used by industry. Our central estimate of baseline TFA consumption in 2004 was 1.5% of total energy intake, with a lower limit of 1% 18 and an upper limit of 3%. 14 The most common replacement oil was sunflower oil with high-oleic acid content (base case estimate 42.0%; range: 33.6-50.4), followed by interesterified fats (18.0%; range: 14.4-21.6) and beef tallow (12:0% range: 9.6-14.4; Table 1 ).
Changes in lipid profile
Improvements in the plasma lipid profile were expected to result in improvements in CHD risks. We assessed the relevant changes in plasma lipid profiles and other biomarkers of CHD risk based on meta-analyses of controlled dietary feeding trials.
2,4 These estimates were used to drive projections of CHD risks, as outlined below.
CHD risk
To estimate reductions in CHD risk in the national population, we adapted a cardiovascular risk calculator, based on the Framingham risk equation and AS-SIGN scores. 30 We used individual level data on CHD risk factors from a national prospective cohort study. 31 The study collected baseline data in 2011-2012 on age, gender, smoking, systolic blood pressure, diabetes, left ventricular hypertrophy and the ratio total cholesterol (TC)/high-density lipoprotein cholesterol (HDL-C). We combined these results with demographic data for Argentina using the 2010 census to create a national CHD risk profile.
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According to the consensus of our expert panel, between 2004 and 2014, most of the partially hydrogenated vegetable oils in the diet were replaced by healthier fats. In 2011-2012, when the prospective cohort study took place, 75% had been replaced. We used the observed TC/HDL-C ratio for each person in the 2011-2012 cohort study to calculate the expected TC/HDL-C ratios in 2004 and 2014. This calculation was based on the estimated baseline intake of TFA, the established effects of TFA on the TC/HDL-C ratio and the types and percentages of different fats/oils used by industry for replacements. According to the distributions of TC/HDL-C and other risk factors in the population in 2004 and 2014, we calculated the difference in the CHD risk between both years.
Three alternative scenarios were analysed: (i) the effects of improved dietary fat profile on the ratio of TC/HDL-C and the relation of this ratio to the incidence of CHD (scenario 1); 33 (ii) the CHD risk reduction through changes in other biomarkers such as apolipoprotein (apo) B, ApoA1, lipoprotein (a), triglycerides and C-reactive protein (scenario 2); and (iii) the reported relation of TFA intake, substituted for carbohydrate intake, with the incidence of CHD in a pooled analysis of prospective studies and attributed to several pathophysiological effects of TFA (scenario 3). 
Mortality from CHD
We estimated the annual number of deaths caused by CHD using national mortality statistics for 2010. We included deaths coded according to the International Classification of Diseases (ICD-10) as I20-I25. We also assumed that 80% of the sudden deaths (ICD-10 code R96) were due to CHD. 34, 35 We increased the number of CHD deaths by 21.5%, to account for the underreporting of CHD as a cause of death. 36 The difference in CHD risk predicted by the cardiovascular risk calculator was calibrated to the annual mortality from CHD. We assumed that the reduction in CHD deaths was proportional to the difference in estimated CHD risk. We also assumed that the difference in 10 year-CHD risk was equally distributed in each year of the decade 2004-2014, by age and sex.
Morbidity from CHD
Total acute CHD events -fatal and non-fatal acute myocardial infarctions and acute coronary syndrome -were estimated from national data on CHD deaths based upon sex-specific 28 day-CHD case-fatality rate for acute myocardial infarctions in southern Latin America (38% in women; 44% in men). 36 For acute coronary syndrome, we used one-third of the case-fatality rate of acute myocardial infarctions, according to local sources. 21 All values were calibrated by age-sex hospital casefatality rate in Argentina, obtained from the national hospital discharge registry for the public sector.
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Calculation of DALYs
We calculated DALY using individual equations for years of life lost (YLL) Health system costs average [22] [23] [24] [25] [26] [27] Cost per ACS event, US$ 6 416 (5 133 to 7 699) Normal (min: 0; mean: 6416; SD: 641.6) Health system costs average [22] [23] [24] [25] [26] [27] Annual costs per follow-up and treatment, US$ 1 199 (959 to 1 439) Normal (min: 0; mean: 1199; SD: 119.9) Health system costs average [22] [23] [24] [25] [26] [27] Programmatic costs, US$ 129 001 (NA) NA Personal communication (MoH  estimates) ACS: acute coronary syndrome; AMI: acute myocardial infarction; CHD: coronary heart disease; E: energy intake; HOSO: high-oleic sunflower oil; MoH: ministry of health; MUFA: monounsaturated fatty acids; NA: not applicable; PHVO: partially hydrogenated vegetable oils; PUFA: polyunsaturated fatty acids; SD: standard deviation; SFA: saturated fatty acids; TC/HDL-C: total cholesterol/high-density lipoprotein cholesterol; TFA: trans fatty acids; US$: United States dollars. Notes: Discount rates of 5% (range 0-10) were used. 28 We used the average conversion rate during 2012, which was US$ 1 to 4.55 Argentine dollars.
and years of life with disability (YLD) according to the Global Burden of Disease Study. 38 Briefly, YLL were calculated from national health statistics as the difference between local life expectancy and age at death. YLD is the product of disability weight and length of survival with disability for CHD events. Disability weights for acute myocardial infarctions and acute coronary syndrome were considered equal. 20 Survival length was estimated using the software DISMOD II (World Health Organization (WHO), Geneva, Switzerland). 39 Finally, DALYs were reported with discounting at a 5% rate.
Costs
Cost inputs for the model were costs of acute CHD events, their follow-up and programmatic costs. A micro-costing approach was undertaken considering a health system perspective. Identification of resources related to CHD events, quantities and utilization rates were obtained from secondary local sources [22] [23] [24] [25] [26] [27] and unit costs were derived from public, social security, and private tariffs of local health insurance institutions.
Costs of annual management of non-fatal CHD were calculated from the individual's age at the episode to the average Argentine life expectancy, by age and gender, and discounted at a 5% annual rate. 28 Finally, costs borne by the Ministry of Health for the implementation of annual surveillance and monitoring of the compliance of the industry with the regulations were also estimated, and included costs of personnel, food analysis, and onsite training at food companies (Daniel Ferrante, Ministry of Health, personal communication, 2013).
All costs were converted to United States dollars, corresponding to the exchange rate of 2012. 29 
Sensitivity analyses
To evaluate parameter uncertainty, we performed sensitivity analyses according to established guidelines. 40 A deterministic sensitivity analysis was first performed to evaluate the uncertainty related to specific parameters and their relative importance, depicted in a tornado analysis (Fig. 2) . Ranges used for the parameters were extracted from the published literature or expert opinions. To assess global uncertainty, a probabilistic sensitivity analysis was performed, incorporating the main parameters and their distributions. Uncertainty in results was reported using 95% confidence intervals (CI) based on 1000 Monte Carlo simulations. All model inputs including TFA-related, epidemiological and costs parameters are shown in Table 1 .
Results
Mortality, case-fatality and acute coronary events per 100 000 population are shown in Table 2 .
Based on the most conservative scenario of TFA replacements only influencing CHD events through changes in the TC/HDL-C ratio (scenario 1), we estimated 301 CHD deaths, 572 acute myocardial infarctions, 1066 acute CHD events and 5237 DALYs averted after 2014, compared with the expected events if the policy had not been implemented (Table 3 ). In addition, more than US$ 17 million would be saved annually due to averted acute CHD events and lower costs of chronic treatment and follow-up.
When effects of TFA on CHD were calculated considering additional effects on other biomarkers (scenario 2), under the central estimate of 1.5% energy intake of TFA, a total of 3109 acute CHD events, 15 271 DALYs, and more than US$ 50 million in costs will be averted after 2014. If the effects of TFA on CHD were based on observed relationships with clinical events reported in prospective cohort studies (scenario 3), which may more fully account for the various effects of TFA, 1517 CHD deaths, 2884 acute myocardial infarctions, 5373 acute CHD events and 26 394 DALYs were averted, resulting in estimated savings of USD 87 million ( Table 3 ). The proportion of events averted by the artificial TFA reduction policy in 2014 ranged from 1.26% (scenario 1) to 6.35% (scenario 3) of total CDH events ( Table 3) . The estimated reductions in CHD were sensitive to the assumed baseline TFA intake in 2004 (Fig. 2) .
Discussion
Given the estimated 84 000 annual CHD events in Argentina, at an annual incidence rate of almost 500 cases per 100 000 adults older than 34 years old, the current policy of near elimination of industrial TFA might avert between 1.3% and 6.35% of CHD events each year. The decrease would save between US$ 17 million and US$ 87 million in management of CHD complications and follow-up. Even in the most conservative scenario, the reduction of TFA intake has a substantial public health impact.
Although there is limited information about the distribution of TFA intakes in subpopulations in most countries, it is likely that many subgroups, particularly low-income populations, could have mean TFA intakes considerably higher than the population mean. 41 There might be subpopulations that consume more industrially processed foods and fast foods with high-TFA content. Legislative strategies to ban artificial TFAs from foods have been more successful than labelling or education as shown in Austria, Denmark, Iceland, Sweden, Switzerland and USA. 9, [41] [42] [43] In Denmark, the ban on artificial TFAs is thought to have played some part in the decrease of CHD.
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WHO has identified removal of artificial TFAs from the food supply as an intervention with favourable return of invested money to reduce the economic impact of noncommunicable diseases in low-and middle-income countries. 44 However, most such countries have not yet included the restriction of TFAs' intake as a policy. Governments have been concerned about the feasibility, achievability and public health effect of removing them from the food supply. Thus, little is known about the potential effects on the reduction of CHD burden and cost savings that could be attributable to the implementation of TFAreduction policies in these countries. Some middle-income countries such as Brazil, 5 46 Another modelling study estimated a similar potential impact of this policy in Ireland. 47 Unlike these studies, our model is based on individual data on CHD risk from an Argentine population-based sample, calibrated with national statistics, as well as with local data on dietary fat profiles. Moreover, our study is modelling the impact of a policy that is being implemented.
Potential limitations of this study should be considered. First, to calculate CHD risk in Argentina we used a cardiovascular risk calculator. 30 The calculator is based on equations developed a couple of decades ago when the CHD incidence was higher. This could overestimate absolute risk in light of secular trends towards lower CHD risk. 48 On the other hand, these risk equations are widely validated for predicting CHD risk. Overestimation would not likely influence our estimates of proportional risk reduction, since relative risks were calibrated with Argentine absolute risks. Second, we used the global percentage estimates to adjust for underreporting of mortality from CHD. Third, costs of food reformulation by industry were not considered, based on our health system perspective. Yet, potential incremental costs for industry to reduce artificial TFA may be at least partly offset by higher pricing or sales due to marketing advantages. 11 In the USA, switching to newer frying oils that were free of TFA was cost neutral. 38 Fourth, we did not have precise data on baseline TFA, the level of which would influence results. Conversely, our nutritional inputs, particularly those related to the TFA baseline intake before 2004, and the partially hydrogenated vegetable oils' replacements used by the industry thereafter, were obtained after a thorough literature search for sources of TFA in Argentina. This information was reviewed by experts to reach consensus on information gaps to derive a reason- In conclusion, our findings suggest that artificial TFA reduction interventions, as an example of a nutritional policy aimed to reach the overall population, have beneficial impact on the total burden of CHD in Argentina. These findings will help inform decision-makers in both Argentina and other countries on the potential public health and economic impact of this policy. ■ Graciela Peterson, Alicia Rovirosa, Mario Sanchez and Marcelo Tavella. 
Резюме
Устранение искусственных трансжирных кислот в Аргентине: ожидаемое воздействие на бремя ишемической болезни сердца и на сопутствующие расходы Цель Оценить воздействие применяемых в Аргентине политик по уменьшению количества трансжирных кислот в пище (ТЖК) на развитие ишемической болезни сердца (ИБС), на количество лет жизни, утраченных в результате болезни, и на сопутствующие расходы на здравоохранение. Методы По нашим оценкам, до 2004 года 1,5% общего количества пищевых калорий приходилось на ТЖК, и эту величину мы приняли за базовый уровень. Мы разработали модель политики, включающую базовый уровень потребления ТЖК, жиры и масла, которыми планировалось заменить искусственные ТЖК, клинический эффект от снижения уровня ТЖК, а также уровень экономии и количество спасенных лет жизни в результате предотвращения случаев ИБС. Для расчета процентной доли снижения ИБС были рассчитаны риски возникновения ИБС для популяционной выборки до и после реализации вышеуказанной политики. Эффект от применения политик моделировался тремя путями в зависимости от предполагаемых изменений: (i) по профилям липидов в плазме, (ii) по липидам и биомаркерам воспалительного процесса и (iii) по результатам проспективных когортных исследований. Мы также оценили текущее экономическое значение спасенных лет жизни и уменьшения сопутствующих расходов на лечение в случае предотвращения ишемической болезни сердца. Результаты По предварительным оценкам, предполагаемые изменения в профиле липидов позволят предотвратить 301 смерть, 1066 острых случаев ИБС, спасти 5237 лет жизни и сэкономить 17 млн долл. США на ежегодных расходах на здравоохранение. Если исходить из неблагоприятных последствий употребления пищевых ТЖК, о которых сообщалось в проспективных когортных исследованиях, то ежегодно можно будет предотвратить 1517 смертей, 5373 острых случая ИБС, спасти 26 394 года жизни и сэкономить 87 млн долл. США на медицинских расходах. Вывод Даже при самом неблагоприятном сценарии уменьшение употребления ТЖК в значительной мере повлияет на здоровье населения. Эти результаты помогут информировать ответственных лиц в Аргентине и других странах о потенциальном воздействии такой политики на здоровье населения и национальную экономику.
Resumen La eliminación de los ácidos grasos de tipo trans artificiales en Argentina: efectos estimados en la carga de cardiopatías coronarias y los costes
Objetivo Estimar el impacto de las políticas argentinas para la reducción de los ácidos grasos de tipo trans (AGT) en las cardiopatías coronarias, los años de vida ajustados en función de la discapacidad (AVAD) y los costes de la atención sanitaria asociados. Métodos Se estimó que la ingesta base de AGT antes de 2004 era de 1,5% de la ingesta de energía total. Se construyó un modelo de política que incluía la ingesta base de AGT, los aceites y grasas utilizados para reemplazar los AGT artificiales, el efecto clínico de reducir los AGT artificiales y el coste y los AVAD salvados debido a los casos de cardiopatías coronarias evitadas. Para calcular el porcentaje de reducción de cardiopatías coronarias, se calcularon los riesgos de cardiopatías coronarias en un modelo basado en la población antes y después de la implementación. El efecto de las políticas fue modelado de tres formas, en base a cambios estimados: (i) perfiles de plasma de lípidos; (ii) marcados biológicos inflamatorios de lípidos; y (iii) los resultados de estudios de cohortes prospectivos. También se estimó el valor económico actual de los AVAD y los costes de atención sanitaria asociados a las cardiopatías coronarias evitadas. Resultados Se estimó que los cambios estimados en el perfil de lípidos evitarían 301 muertes, 1.066 casos graves de cardiopatías coronarias, 5.237 AVAD y 17 millones de dólares estadounidenses (USD) en atención sanitaria cada año. Basándose en los efectos adversos del consumo de AGT de los estudios de cohortes prospectivos, se evitarían 1.517 muertes, 5.373 casos graves de cardiopatías coronarias, 26.394 AVAD y 87 millones de USD cada año. Conclusión Incluso bajo el escenario más conservador, la reducción del consumo de AGT tuvo un efecto sustancial en la salud pública. Estos resultados ayudarán a informar a los responsables de la toma de decisiones en Argentina y otros países sobre el potencial impacto económico y de salud pública de esta política.
